This paper examines the dynamics in correlations and volatility of REITs, stock and direct real estate returns using the monthly data from Jan 1987 to May 2008. While there are extensive studies on the dynamics of stock markets conditional correlations and portfolio diversification, far less attention has been devoted to such studies in the real estate literature. This is mainly due to the lack of longer and high frequency time series for real estate returns. Consequently, many real estate studies focus on the unconditional real estate and REITs correlation with the broader market. Moreover, with considering the possible asymmetry in the conditional correlations, this paper investigate the time-varying conditional correlations and volatilities in REITs, real estate and stock return series by deploying a new generalized autoregressive conditionally heteroskedastic (GARCH) process, the asymmetric dynamic conditional correlation (AG-DCC) GARCH technique. Then we test whether the estimated conditional correlations are a good indicator to estimate the future returns of REITs and whether the dynamics in correlations can be explained by the macroeconomic factors such as the term and credit spreads, inflation and the short rate of interest. This paper attempts to draw together two strands of real estate studies on the correlation between REITs and other asset classes, which determines diversification benefits of REITs in a mixed-asset portfolio. The first strand involves examination of the behavior of security-backed property vehicles in particular real estate investment trust shares in relation to the underlying direct real estate investment market (See, e.g. Liang, McIntosh and Webb, [1995] ; Ghosh, et al., [1996] ; Liang and McIntosh, [1998] ; Seiler et al., [2001] ). The second stand seeks to analyze the nature and behavior of the correlations between REITs and other financial assets. An extensive body of literature show that macroeconomic variables that have been found to explain stock and bond returns and risks have significant power in explaining REIT return and risks (Ling and Naranjo, [1997] ; Peterson and Hseih, [1997] , Karolyi and Sanfers, [1998] ; Calyton and Mackinnon, [2003] ). However, the empirical results about the direction and extent of the relationship between REITs and stock have been also mixed and sometimes contradictory depending on the time periods or the methodology used in the studies (Chen and Peiser, [1999] ; Hartzell, et al., [1999] ; Clayton and MacKinnon, [2001] ; and others).
Our results show that over the 1987-2008 time period, the correlations among REIT, direct real estate and stock returns are time-dependent and volatile which can be explained by macroeconomic variables such as the term and credit spreads, inflation and the unemployment rate. However, different to the previous evidences of existing significant asymmetry in correlations among financial assets (see e.g. Cappiello, et al. 2006) , this study only find little asymmetry in the conditional correlations of REITs, stock and direct real estate returns. We also find strong relationship between correlations and REITs returns, while those patterns are distinguishable for different types of REITs. Interestingly, when the correlation between REITs and S&P are the lowest, the future performance of REITs is the best. For equity REITs, there exists a rubust relationship between correlations and future returns: the higher (lower) correlation between equity REIT and direct real estate is, the higher (lower) the future returns of equity REIT.
This study makes two main contributions to the literature. First, it explicitly examines correlation dynamics among REIT, direct real estate and stock asset classes and investigate the presence of asymmetric responses in conditional variances and correlations to negative returns. The findings in this paper actually resolve the long debate by academics and industry practitioners on the role of REITs in mixed asset portfolios, questioning whether REITs actually provide exposure to the private real estate asset class or simply represent additional exposure to common stocks (see e.g. Clayton and Mackinnon, [2003] ). Second, in addition to estimating the time-varying correlations among these asset classes, we examine the economic determinants of correlations and volatilities as well as the implications on future REIT returns. This allows us to quantify the time-varying diversification ability of REITs in a mixed assets portfolios and to better understand the risk and return characteristics of REITs.
Methods
Multivariate generalized autoregressive conditionally heteroskedastic (MGARCH) models are deployed to explore the stochastic behavior of financial time series and, in particular, to explain the behaviors of the return volatility and covariance over time (Bollerslev, et al., [1992] ). Most of early MGARCH models parameterize timevarying covariance in the sprit of Bollerslev [1990] where correlation coefficients are assumed to be constant over the sample period. Although setting all conditional correlations to be constant greatly simplifies estimation, the assumption is neither theoretically justified nor robust to the empirical evidence. Tse and Tsui [2002] and Engle [2002] propose a new class of models that both preserve the ease of estimation of the Bollerslev's constant correlation model but make the conditional correlation matrix time-dependent. However, econometric specifications that explicitly model asymmetry in conditional covariances and, specifically, conditional correlations are far less common 1 . Very recently, Cappiello, et al. [2006] advance dynamic conditional correlation (DCC) models further by considering the asymmetry effect in the correlations discussed above.
This paper uses the asymmetric generalized dynamic conditional correlation (AG-DCC) model of Cappiello et al. [2006] to model the dynamic conditional correlations in stock, bond and foreign exchange markets. The AG-DCC process extends previous specifications along two dimensions: it allows for series-specific news impact and smoothing parameters and permits conditional asymmetries in correlation dynamics.
The AG-DCC specification is well suited to examine correlation dynamics among different asset classes and investigate the presence of asymmetric responses in conditional variables and correlations to negative returns.
The AG-DCC model can be written as follows:
where t r be a 1 n  vector of asset returns, which is assumed to be conditionally normal with mean zero and covariance matrix t H ; and we tried and compared with all these asymmetric models and the GJR-GARCH model specification is selected according to the Bayesian information criterion (BIC).
The conditional variances follow a univariate GJR-GARCH (1, 1) specification:
where , 
Data and Empirical Results

The Data
The empirical tests conducted in this paper utilize the monthly return data on REITs, common stocks and unsecuritized (private) real estate in the U.S market. The sample ranges from Jan 1987 to May 2008, with 257 observations for each return time series.
The National Association of Real Estate Investment Trusts (NAREIT) indices including the composite REIT index, the equity REIT index, the mortgage REIT index and the hybrid REIT index are used in this study, allowing an analysis of not only the overall REIT market but also the Equity, Mortgage, and Hybrid sub-markets.
As the most widely known stock index, the S&P 500 composite index is used as a proxy for the stock market.
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that appraisal smoothing effect. In this study, all the price index data, t i P , , at time t is transformed into the continuously compounded monthly returns as follows:
where t i P , and 1 ,  t i P are the closing prices of asset i at time t and 1  t , respectively.
To capture the economic determinants of conditional correlations among the assets, this paper uses those macroeconomic variables widely used in finance literature which include the unemployment rate, the term spread (the difference between the yields on 10-year and 1-year Treasuries), the credit spread (the difference between the yields on BAA-and AAA-rated corporate bond), Consumer Price Index (CPI) inflation rate and 3 month Treasure bill rate (e.g. Campbell and Shiller, [1988] ; Fama and French, [1989] ; Torous, Valkanov and Yan, [2005] ). All these data, except the 3-month Treasury bill rate, are taken from the FRED database. The 3-month Treasury bill rate is obtained from Ibboston Associates.
The panel A in Table 1 contains descriptive statistics for the data which exhibit the expected properties of financial returns and real estate returns. All markets exhibit an average positive monthly return with left skewness and fat-tails. As expected, the private real estate has the highest Sharp ratio due to the least volatility/standard deviation of returns. Without considering other factors such as transaction cost, direct real estate asset do have a definite role in the formation of efficient portfolio. That's why Webb, et al. [1988] suggest that two-thirds of investment wealth should be allocated to real estate and only one-third to financial assets. During the sample period, all REITs, except the hybrid REIT sub-sector, are less volatile than the S&P 500 stock index; while the ex post composite and equity REITs returns are higher than stocks.
This reflects some kind of superior risk and return characteristics of equity returns since the high-tech bubble bursts. The panel B in table 1 summarizes the unconditional correlations for REITs, stock and real estate returns. It is found that although both are positive, the unconditional correlations between REITs and stock are much higher than the correlations between REITs and direct real estate returns during the sample period. This suggests that the REITs and unsecuritized real estate returns have significantly different statistical properties and that the degree of substitutability of REITs for private real estate in static mixed-asset portfolios is quite limited. This is consistent with the previous studies that little connection was found between REIT investment performance and unsecuritized income-property (see, e.g. Corgel, et al., [1995] ; Seck, [1996] and Seiler, et al. [2001] ). Among the three subsectors of REIT markets, the correlation between the equity REIT and the S&P 500 returns is the highest, nearly to 0.45. Surprisingly, the hybrid REIT return has the higher correlation coefficient to the unsecuritized real estate than the other two REIT sectors. Finally, we can find that the unconditional correlation between housing and the S&P 500 is slightly negative. The similar result is also found by Goetzmann [1993] . The negative correlation indicates again that housing returns has strong diversification benefits to the stock asset portfolio.
Empirical Results
Estimated Dynamic Correlations
As described above, two different parameterizations are estimated for the dynamics of the correlations among different asset classes. The first and simplest model is a asymmetric scalar DCC (see Equation (6)). Second, the full diagonal version of AG-DCC model (see Equation (8) Ghosh, et al., [1996] found that the correlations between REIT returns and S&P 500 declined over time from1985 to 1996; Mueller, et al.[1994] , REIT returns are shown to exhibit strong positive correlations with the S&P 500 from 1976 to 1993; Mull and Soenen [1997] find that REITs is a good diversification vehicle in the 1990-1994 period, they were not as attractive in the period [1985] [1986] [1987] [1988] [1989] [1990] . All of these empirical results are consistent with the dynamic correlations plotted in the Figure 3b . In addition, Figure 3 also shows the obvious cyclical nature of the REIT returns sensitivities to financial assets and unsecuritized real estate, which also reaffirms the findings by Calyton and Mackinnon [2001] .
Economic Determinants of Dynamic Correlations
To whether the dynamic conditional correlations are determined by the economic fluctuations, we test the following regression models for each return series separately: For example, the correlation between equity REITs and direct real estate returns is mainly determined by the lagged CPI inflation rate with the corresponding coefficient is statistically significant at the 1% level. While as for the correlation between equity REITs and S&P 500 index, the credit spread, the term spread and the unemployment rate enter the regression after the SER subset selection. Those coefficients are also statistically significant at the 5% level or better. Thirdly, we also find the distinct effects of economic variables on the dynamics in the correlations. The effects of the term spread on the correlation are always negative, while the credit spread, CPI inflation rate and the unemployment rate always have positive effects on the correlations. In addition, the magnitudes of those coefficients are also different.
Finally, the adjust R 2 coefficients of determination are around 0.9 for all those regressions and indicates our models fit the data quite well.
Expected Returns and the Dynamic Correlations
Most financial decisions involve a trade-off between future risks and asset returns.
The volatilities and correlations of assets returns are often the major components of risk (Cappiello, et al., 2006) . Since the correlations between REITs and both private real estate and stocks evolve over time as the economy changes, the time-varying conditional second moments may demand to be compensated by returns. To understand the role of conditional correlations of REITs on its future returns, we examine the historical impacts of the conditional correlations on REIT sector performances via a non-parametric test. For each REIT sub-sector, the estimated conditional correlations (between REIT and direct real estate returns, and between REIT and stock returns, separately) are grouped into four regimes which are determined by equally dividing the range of correlations during the sample time period, while the regime ranking is also recorded for each month. Then using the resampled monthly correlations data in every regime, we calculate the conditional probability of the loss and gain, as well as the expected gain or loss for the next month. Table 4 contains the results about the relationship between the equity REIT and the conditional correlations. As for the correlation between equity REIT and direct real estate represented by the Case & Shiller HPI, we find there is strong impact of the correlation on the equity REIT returns. For example, as shown in the first part of Table 4 , when the correlation is negative (the first regime -0.104 to -0.03) the odds are high (about 53% monthly) that investors will only gains of 0.8% monthly which is much lower than the average return of equity REIT (1%, see Table 1 ). However, as the correlations increase from the first regime to the fourth regime, the expected return of equity REIT also increase from 0.8% to 1.78% accordingly. These findings suggest that when the correlations between equity REITs and unsecuritized real estate is positively higher, the performance of equity REIT is better. The second part in Table 4 indicates that the correlation between equity REIT and S&P 500 has different impact on the equity REIT returns. Contrary to the relationship between equity and direct real estate, here we find that when the correlation to stock is low, the expected gain of REIT is high, except in the fourth regime. However, Figure 3B shows that the fourth regime (high correlation with stocks) actually took place only during 1988 -1989 . In this way, we find that the higher (lower) the relationship between equity REITs and unsecuritized real estate (stock), the better the performance of REITs exhibits. To test whether or not equity REITs is a superior diversifier to the stock market given the correlations between equity REITs and the S&P 500 is time-varying, we calculate the S&P 500 return at the four different regimes of the correlation between equity REIT and S&P 500. The results are presented in Table 5 . We find that both the return and sharp ratio of the equity REITs are much better (the 1 st and 3 rd regimes) or comparable (the 2 nd regime) to S&P 500. Considering the fourth regime is really an exception, which is mainly due to the stock market crash of 1987, our findings suggests that although the correlations between equity and S&P 500 returns are time-varying, the equity REIT is still persistently a superior diversifier to the S&P 500 portfolio.
However, the relationships between the correlations and the future returns in mortgage REITs and hybrid REITs are mixed. Table 6 reports the results of correlations impact on the mortgage REIT. When the correlations between mortgage REIT and private real estate are in two extreme regimes: the first regime and the fourth regime, the expected gains are much higher than the average mortgage REITs. Table 7 present the results of correlations impact on the hybrid REIT. However, one interesting finding is that when the correlation between REIT and S&P 500 is in the first regime (lowest correlation), whatever equity REIT, mortgage REITs or hybrid REIT, the return in next month are always highest in all four regimes. This implies that the lowest conditional correlations between REIT and stock markets are a good predicator for the best future returns in REIT. At last, it needs to be mentioned that we found that all the above observations are still robust when one moves to quarterly data.
Conclusion
This paper utilizes the AG-DCC GARCH model to explore correlation dynamics between REITs and other two important assets: unsecuritized real estate and stock returns. While a growing body of literature has shown both equities and bonds exhibit asymmetry in conditional correlation, however, this study finds little asymmetry in the dynamic conditional correlations among REIT, direct real estate and stock returns.
Using the monthly data of REITs, direct real estate and stock returns, this paper finds the time-varying conditional correlations in REITs can be explained by the macroeconomic variables. Since the correlations are the main component of risk, this paper also investigates whether the future REIT return is affected by the correlations between REITs and stock returns/underlying direct returns. Although the patterns are distinguishable for different type of REITs, generally there is strong relationship between conditional correlations and future returns. Interestingly, we find that when the correlation between REITs and S&P are lowest, the future performance of REITs is best. For equity REITs, there exist strong relationships between correlations and future returns: the higher (lower) correlation between equity REIT and direct real estate is, the higher (lower) the future returns of equity REIT.
Our results have important economic motivations and implications. First, this paper offers the direct evidence about the time-varying diversification power of REIT stocks in a mixed-assets portfolio. Moreover, it concerns the potential integration of REIT, direct real estate, and stock markets and the possibility of including information about conditional correlations to design more optimal portfolio using REITs assets. Second, our findings also build upon the literature dealing with REITs the "hybrid" risk characteristics and return predictability using conditional correlations with underlying real estate and stocks return. Moreover, our findings give the first analysis of the macroeconomic impacts on the dynamics in the conditional correlations and volatilities in REITs. Finally, we find that although the correlations between equity and S&P 500 returns are time-varying, the equity REIT is still persistently a superior diversifier to the S&P 500 portfolio since 1990. -25- 
